Sexual dimorphisms in the neurons and circuits of males and females control sex-specific behaviors that characterize each sex. A recent study describes a pair of newly discovered, male-specific neurons in C. elegans that control a sex-specific learning behavior termed sexual conditioning.
Distinct behaviors that characterize and separate the sexes are obvious in many animals, including humans. There are, for example, clear gender differences in the incidence of many neurological and neuropsychiatric disorders, which highlight the importance of understanding sexual dimorphisms in the brain. Sexually dimorphic behaviors are likely the result of underlying sex differences in the brain. Sexual dimorphisms in the brain are understood at vastly differing levels in humans and other animals. In humans and most vertebrate models, such differences are mainly defined at the level of neuroanatomy, including differences in brain size, gross connectivity, or volume of neuronal nuclei or neuronal populations [1, 2] . Studies on rodent models have shown that changes in environment or life experience can drastically impact the nature of some neuroanatomical sex differences [3] . For example, stress can reverse or abolish anatomical sex differences in certain nuclei [3] , suggesting that neuroanatomy may not be truly dimorphic. One exception is the sexually dimorphic nucleus which, as the name implies, is distinct in each sex [4] . There are also examples of anatomical sex differences being linked to sex-specific behavior in vertebrates [5] .
Understanding the neural basis and mechanisms of generating sexually dimorphic behaviors requires defining such differences in finer detail than can readily be done in vertebrates. The study of sexual dimorphisms in the nervous systems of invertebrate model organisms has provided a higher-resolution view, including the definition of clear dimorphisms in neuronal populations, translation into sex-specific circuits and behaviors, and even identification of regulatory factors [6, 7] . But the mechanisms by which dimorphic neural circuits develop, are organized, and allow for sex-specific behavior and plasticity remain to be fully explored. In a recent paper in Nature, Sammut et al. [8] report their identification of a bilaterally symmetric pair of previously unknown male-specific neurons in the nematode worm Caenorhabditis elegans. The authors finely mapped the development and connections of these neurons, and obtained functional evidence that they are involved in the control of plasticity in a learning behavior only observed in males.
C. elegans exists as either a self-reproducing hermaphrodite with two X chromosomes, or a male containing a single X chromosome.
While the genetic sex determination of C. elegans differs from most vertebrates, which exist as XX or XY, a number of the downstream factors controlling sex at the cellular level are conserved [9, 10] . The hermaphrodite nervous system contains 302 neurons, for which the complete connectome, or wiring diagram of neuronal connections, was mapped thirty years ago [11] . Additionally, the invariant lineage for each cell in the hermaphrodite has been described, including the origin of each neuron [12, 13] . In contrast, the nervous system of male C. elegans contains a total of 385 neurons, 294 of which are shared with hermaphrodites and 91 of which are male-specific. Beyond the obvious sexual dimorphism presented by the male-specific neurons, the recently determined connectome of the male nervous system identified sexually dimorphic connections of shared neurons [14] . Most male-specific neurons contribute to mating behavior and are located in the highly specialized tail of the male worm.
Sammut et al. [8] report the discovery of a pair of left-right symmetric, previously unidentified neurons in the male head, termed MCMs for mystery cells of the male (MCML and MCMR, for the left and right one, respectively). These male-specific neurons were identified during characterization of the expression pattern of a RFP reporter construct for the neuropeptide pdf-1. The authors used several additional neuronal markers to confirm that the MCM cells are neurons. How were these male-specific neurons missed in the intial characterization of the lineage and connectome of the male C. elegans? The connectome of the male was constructed by tracing neuronal projections in electron micrographs of thin serial sections and identifying synaptic connections [14] , but focused primarily on the tail of the male. The connectome of the male head has not yet been reported. Previously, the only male-specific neurons known to exist in the head were the four CEM neurons, identified during a reconstruction of the sensory anatomy of the male [15] . The lineage tracing of cells in the head by John Sulston seems to have been focused on the hermaphrodite and hence it remains an intriguing possibility that perhaps other male-specific neurons are yet unidentified.
Sammut et al. [8] used EM serial section analysis to reconstruct the morphology of the MCM neurons and fully define the synaptic connectivity of the MCMs ( Figure 1A) . The MCM neurons connect to both sex-shared and male-specific neurons. Combining MCM connectivity with the published male connectome allowed integration of the MCMs into circuits of neurons with known connectivity and function, hinting at potential functions of MCMs. The MCMs present a unique opportunity in the future to explore the cellular and molecular mechanisms by which a new neuron integrates into and alters circuits.
The MCM neurons are located and connected to a circuit that suggests a role in integrating sensory information with motor output [8] . Both hermaphrodite and male C. elegans exhibit classical conditioning and associative learning. Specifically, hermaphrodites and males will avoid salt after being conditioned to associate salt and starvation [16] ( Figure 1B) . Males, and only males, can undergo sexual conditioning of this behavior and instead become attracted to salt if association of salt and starvation is done in the presence of hermaphrodite mates ( Figure 1B) [17] . Males will choose the potential for mating over the potential for food. This sexual conditioning is dependent on the neuronal sex of the animal and the presence of pheromones [17] , but the neuronal substrate was unknown. Ablation of the MCM neurons demonstrated that the MCMs control male-specific sexual conditioning, but are not required for detecting salt, starvation, or mates [8] . The MCMs were also not required for the association of salt and starvation, or other male-specific behaviors, Dispatches indicating a striking specificity of MCMs to the sexual conditioning behavior. In the future, it will be interesting to test for any role of MCMs in modification of shared behaviors. This is the first time that the neural basis has been determined for behavioral plasticity that is context and sexspecific. The MCM neurons provide a model for uncovering mechanisms that control sex-specific behavioral plasticity at the level of molecular pathways, gene regulation, and neuronal circuits.
One unique aspect of the Sammut et al. [8] study is that it not only identifies a new neuron pair and studies its exciting function, but it also provides tantalizing insights into how this neuron pair develops. In C. elegans and other invertebrate models, neurons generally arise from undifferentiated blast cells or from cells with an initially epithelial identity [18] . In contrast, the MCM neurons arise from differentiated glial cells, the amphid socket glial (AMso) cells ( Figure 1C) . The AMso cells differentiate during embryogenesis and are present in both hermaphrodites and males, but undergo a cell division to produce MCM neurons only in males. MCMs are generated during sexual maturation at the fourth larval stage, when other male-specific neurons are generated from blast cells elsewhere in the male. Prior to the cell division, AMso cells in males are indistinguishable from AMso cells in hermaphrodites, expressing the same markers and having the same morphology. Following the AMso division, the early male MCMs still appear to express AMso glial markers, which subsequently fade out as MCM differentiates into neurons and expresses neuronal markers [8] .
The cell division of AMso is regulated cell-autonomously by sex determination factors acting within the AMso cell. Specifically, Sammut et al. [8] demonstrated that genetically feminizing the male AMso resulted in no cell division and no MCMs, and genetically masculinizing the hermaphrodite AMso resulted in cell division and generation of MCMs [8] . Although this is the first example in C. elegans of neurogenesis from glial cells, this type of transdifferentiation is not unique to this system. In vertebrates neurogenesis occurs from radial glia during development of cortical regions [19] . Glia also appear to play a role in vertebrate adult neurogenesis [20] , although whether this occurs during sexual maturation is unknown. It is an exciting possibility that sex-specific neurogenesis during sexual maturation could be a mechanism for generating sexual dimorphisms in vertebrates, and will need to be examined.
The MCM neurons provide a novel and relatively simple neuronal model of sex-specific plasticity in behavior. In the case of MCM neurons, connections are made with both shared and male-specific neurons, demonstrating that sex-specific generation of neurons could be an important mediator of sex-specific behavior and plasticity. Future experiments on MCM neurons will undoubtedly expand our knowledge of sexual dimorphisms in the brain and inform how sex-specific behavior may be controlled beyond neuroanatomic differences. Male C. elegans will likely provide other important mechanisms controlling the development and organization of sexual dimorphisms in the future.
